After nearly four decades of rapid growth, the China economy is faced with various challenges. The 2008 crisis would have served as the last straw as China experienced falls and volatilities in industrial output, export and foreign direct investment. The new policy focuses on expansion of domestic consumption and rebalancing. Given the unreliability of Chinese products, there is a need to rebuild product acceptability and market confidence. The structure of industrial enterprises, especially the small-and medium-sized enterprises, will play a crucial role in the next phase of development in the China economy. This paper uses the data on Chinese industrial enterprises to estimate the productivity performance of enterprises across region and industries. The discussion is placed on the impact of the 2008 financial crisis on the China economy and industries enterprises. By using a simple methodology and OLS regression analysis on the estimation of total factor productivity, the empirical results show that SMEs and non-SMEs do perform differently in different industries and across regions, but SMEs suffered more than nonSMEs since the 2008 crisis.
I Introduction
After nearly four decades of rapid growth since 1978, the China economy is faced with challenges especially after the 2008 international financial crisis, as the subsequent periodic falls in industrial output and export and foreign direct investment posed the question whether China can still keep to a high growth rate. Although the China economy since 2013 has focused on expansion of domestic consumption and economic restructuring, the problem of mismatch between export and domestic demand may arise when export goods are diverted back to the domestic market. Taken together, one implication suggests that China's growth could have reached a turning point, which can be examined using productivity analysis in the industry sector. Solow (1957) analysis on total factor productivity (TFP) has extensively been applied to analyze the China economy at the national, provincial and industrial levels (Chen et al., 2011; Wu, 2011; He, 2014) . The estimation of the capital stock has been the key concern in TFP estimations, especially in China when the question of data reliability arises (Kim and Lau, 1994; Rawski. 2001) . Other studies on China's industrial development have been based on some form of adjusted data. For example, Bai et al. (2004) employed post-tax profit margins in examining the regional specialization of Chinese industries. Brandt (2012) attempted to examine China's TFP analysis using firm-level data, but admitted that the analysis did face a number of measurement errors and bias. The reliability of firm-level data has also been questioned due probably to the agency problem between the management and shareholders (Agrawal and Knoeber, 1996) . In the case of China, the agency problem may arise between the management of the enterprise and the interests of the various stake holders.
By using trend analysis and aggregate output figures to estimate the capital stock, studies in Chow and Li (2002) and Li (2003) constructed China's post-reform TFP figures at the national, regional and provincial levels. The study in Li (2009) extended the TFP estimates by using ownership data, and following the endogenous growth models the human capital variable has been incorporated to examine China's post-reform performance of TFP and its relative variance. The aggregate nature of TFP has further been decomposed into the three components of productivity, technical efficiency and scale economy in post-reform China (Li and Liu, 2011 ).
The decomposition analysis was then extended to study the TFP of different manufacturing industries in post-reform China (Liu and Li, 2012) .
The impact of the 2008 crisis on the China economy can be examined by using the TFP analysis based on the performance of industrial enterprises, especially the performance between large and small-and medium-sized enterprises (SMEs). In market economies, the existence of SMEs form an important business fabric because they minimize cost, react flexibly to market opportunities and promote entrepreneurship, though financing and innovation could be their constraining factors (European Commission, 2005) . Recent studies on SMEs have concentrated on the issue of internationalization and business-related analyses using economy-wide, industry or firm data (Acs and Preston, 1997; Lin, 1998; O'Gorman, 2001; Storey, 2003; OECD, 2005; Klapper, 2006; Beck and Bemirguc-Kunt, 2006; Ayyagari et al., 2007; Harvie et al., 2010; Yohei, 2011; Lasagni, 2012; Foreman-Peck, 2013; Hohneck, 2013 ).
China's industries were organized mainly in the form of state-owned enterprises (SOEs) in the pre-reform period. Since 1978, however, local production communes were gradually reorganized into township and village enterprises (TVEs) under the family responsibility system in which rural households could sell their surplus in the market after the state quota was fulfilled.
By 1983, 97 of all production teams had adopted the system. 1 It was not until the 1997 stateowned enterprise (SOEs) reform that China adopted the "keep the large, release the small" policy by retaining key strategic national enterprises, while all others were dismantled into shareholding enterprises, joint ventures with overseas buyers or formation of SMEs by displaced skilled workers (Wu, 2005; Naughton, 2007; Atherton and Smallbone, 2013) . With a rather short period of development, studies in China's SMEs have concentrated mainly in business areas, barriers to innovation, management models and financing difficulties (Biggeri et al., 1999; Atherton and Fairbanks, 2006; Zhao et al., 2006; Liu, 2007; Liu, 2009; Shen et al., 2009; Li, 2011; Tang and Hull, 2011; Tang, 2012a, 2012b; Zhu et al., 2012; Chong et al., 2013) .
While the GDP figures are the direct indicators on economic performance, but the economy's capacity can alternatively examined through the TFP performance of industrial firms, as this can provide a conjecture on the impact on the China economy after the 2008 crisis, especially the different performance between the different sizes of industrial enterprises. This paper extends the previous TFP studies using China's data on industrial enterprises. In particular, the discussion focuses on the performance between large enterprises and SMEs. Although there is data on a large number of industries, the comprehensive data on the size of enterprises began 1 "Household responsibility system", Wikipedia. Although the lack of data would prevent the empirical study on ownership, the 2010-2011 data on the 25 types of ownership in the third column are grouped into five categories. The YCSME also provide other data on services enterprises and data at the city-level, but they are incomplete and fragmented. Table 2 reflects the result of the state policy on regional balance. To measure the variables in real terms, the price indices from the Statistical Yearbook of China (SYC) are used to derive the real variables. At the national level, the Production Price Index (PPI) is used to derive the real data for main source of income, profit, tax payment and output value. The Investment Index is used to deflate the asset values, while the Export Index is used to deflate the export values. For the 31 provinces, the price index of the province's capital is used. In case the price index of a certain inner province is not available, the price index of a neighboring province is used. A total of five industrial PPI are used for the seven categories. The
Mining Index is used for the mining category, while the Manufacturing Index is used for both light manufacturing and timber and wood industries. The Raw Material Index is used for the chemicals category. The Heavy Industry Index is used for both the metal and machinery categories. Lastly, the Aggregate Inflation Index is used to deflate the values of utilities.
Tables 3, 4 and 5 report the real total output, asset, main source of income, profit, total tax payment and value of export under regional, industrial and ownership classifications. Unlike the high occupation of SMEs in the number of enterprises (over 90%), the regional classification in Table 3 shows that the share of SMEs in total output, asset, main source of income and profit do not exceed 60 percent. In total tax payment and value of export, the share of SMEs is below 50 percent in 2011. As expected, the eastern provinces performed stronger than central provinces, and western provinces are weakest. The average growth rates remained strong with two digits in most cases, with the exception in the amount of export the average growth rate is less than 10 percent between 2006 and 2011. The low growth rates in export reflected the drop in export China experienced after the 2008 crisis.
In the industrial classification shown in Table 4 In the ownership classification shown in Table 5 , private ownership shows the strongest among all ownership groups, exceeding 78 percent in all items. Between 2010 and 2011 and seen from the average growth rates, the shares of SMEs have declined, suggesting that the economic role of SMEs was not as important as non-SMEs. While the growth rates of all enterprises has remained positive, with two-digit growth in most cases, the SMEs have experienced negative average growth rates between 2010 and 2011, especially in the value of export, and SMEs in all ownership categories experienced large negative growth rates. Privately owned SMEs show a positive growth rate in most items, with a two-digit growth rates in main source of income, profit and total output. On the whole, the economic performance of SMEs is weaker when compared to similar performance of all industrial enterprises, suggesting that the non-SMEs could have gained strength over the same period, due probably to the easier access to finance.
III Total Factor Productivity Analysis
To ensure data reliability and usability, the TFP analysis from existing studies would be updated and used as a benchmark so as to strengthen and ensure that the new TFP estimates are scientifically reliable and acceptable. Despite the various comparable methods in TFP estimates, especially in estimating the capital and human capital stock variables, we follow the steps in Chow and Li (2002) , Li (2003 Li ( , 2009 , (Li and Liu, 2011) and (Liu and Li, 2012) By adopting the Cobb Douglas production function (Douglas, 1976) used in Liu and Li (2012) , the growth attributes of output can be divided into input growth and total factor productivity growth, ̇, as:
where is the observed scalar output and is a vector of inputs for i th province, industry and enterprise. We define the TFP for a production function with multiple inputs at time t as:
where Φ is the aggregate input. The lagged inputs will be used in the regression so as to avoid simultaneous bias in the OLS estimates. Rewriting the equation in growth form, it becomes
where
are growth of physical capital, labor and human capital inputs in time − 1, respectively. It follows that
is the output elasticities for physical capital, labor and human capital in − 1, respectively, and is the sum of the three output elasticities to input.
The following parametric form is used to estimate the TFP growth:
where 1 = 1, 2 = 0 for provinces in eastern region; 1 = 0, 2 = 1 for provinces in central region; 1 = 0, 2 = 0 for provinces in western region, and is the dummy for different years. The inclusion of the second order terms of log inputs allows for a nonlinear production function and the year dummies can be regarded as a measure of technical progress. Following the model shown in Equation (3), we can get the estimation of the three output elasticities to input, namely, , , and , as follows:
Substituting the estimated coefficients of 's into these three equations gives ̂− 1 , ̂− 1 and ̂− 1 . The averages of these elasticities and the averages of the input growth rates are used to calculate the average of the TFP growth rates.
The estimates of the full model in Equation (3) shown in Table 6 are revised to exclude some of the insignificant second order terms and year dummies. The selected model shall include only the significant variables, indicated as follows:
The calculations of ̂− 1 , ̂− 1 and ̂− 1 are revised accordingly as: Table 7 shows the growth rates of TFP for both the full model and selected model. The selected model is further divided into two sub-periods (2006) (2007) (2008) (2009) (2010) (2011) Figure 2 TFP Growth Rates: 1986 Rates: -2011 Among the three regions, the eastern provinces show a highest TFP growth rate in the whole sample period as well as the earlier sub-sample period (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) . In the second sub-sample period (2006) (2007) (2008) (2009) (2010) (2011) , the TFP growth rates for all regions have dropped considerably. However, it is the western region that achieved the highest TFP growth rate of 1.83 percent in the later sub-sample period (2006-2011). 4 Figure 2 shows the trend growth rate of TFP in the 198-2011 sample period, and that the growth rates have drop significantly since 2007.
The empirical findings in Table 7 are compared to other findings summarized in Table 8 .
There are several observations in the comparison. China's TFP growth rates based on output data tend to be around 3 to 4 percent, while the similar estimation based using other data sources tend to be higher (ranges from 4 to 7 percent). The TFP growth trend shown in Figure 2 is similar to those found in He (2014). China's TFP growth rates experienced a golden time period between the early 1990s and 2007, but began to fall after 2008, probably triggered by the 2008 financial crisis that, on the one hand, exposed China's production ceiling and, on the other hand, reflected the need for economic restructuring. 1978-1985: 3.5 1985-1990: 0.2 1990-1997 The TFP calibrated in the last section serves as the benchmark for comparison with the TFP estimates of industrial enterprises, as the available data differ considerably and proxy variables will have to be used as second best. Typically, the data for both the capital stock (K) and human capital (H) will not be available for the industrial enterprises. We make use of other available data and assume that In Y it is the log of real industrial output for the i th industry at time t, In K it is the log of total real fixed asset investment used as a proxy for physical capital, In L it is the log of total number of employed workers, and In H it is the log of operating expense used as a proxy for the human capital variable.
The data for the two proxies of K and H for all industrial enterprises need to be verified to see if they are reliable and suitable and can be used for empirical estimation. We first calculate and show that the cross correlation in the capital stock used in the benchmark and the total real fixed asset investment of all enterprises is 0.9603. The linear regression between the capital stock used in the benchmark and the total fixed asset for all industrial enterprises shows:
ln Benchmark_K t = 1.51358 + 0.886287 ln Rfixasset t .
The R 2 of this estimated equation is 0.8854, and the estimated coefficient ( 0.88629) is considered to be high and acceptable. The human capital variable for industrial enterprises is more complicated since the data on the years of schooling per capita are definitely not available for industrial enterprises. Mincer (1974) pointed out that earnings or wage of workers can be used as an alternative to measure human capital. The data from Datastream on the salary of employed workers in each province in China are collected. We make use of the available data in Table 1 and define, as in Li and Liu (2006) , an operating expense variable, which is the main source of income less profit and tax payment. The operating expense should then include the wage payment, which can be used as a second best proxy for human capital, though operating expense could include other costs of production. The cross correlation between the wage data and the constructed operating expense is 0.7958, while the linear regression is:
ln Wage = 1.249171 + 0.560362 ln Operating Cost t .
The R 2 of this estimated equation is 0.8473, and the estimated coefficient (0.5604) is thought to be considerably high and acceptable.
Hence, the total real fixed assets and the operating expense are used as proxies for physical capital and human capital, respectively, in the parametric estimation. For the regional classification, the selected model that contains only the significant variables is:
where 1 = 1, 2 = 0 for provinces in eastern region; 1 = 0, 2 = 1 for provinces in central region; 1 = 0, 2 = 0 for provinces in western region. The calculation of ̂− 1 , ̂− 1 and ̂− 1 is revised according to the variables used in the selected model in the three regional and industrial classifications. The selected model for the seven industrial groups is:
where 1 , 2 , 3 , 4 , 5 and 6 are the dummies for industrial category 1 to 6. Table 9 shows the parametric estimations based on the selected models for the sample period. One observation is the contribution to output by the three inputs of capital, labor and human capital. In the regional classifications, physical capital shows the highest estimate (2.02) while the contribution from labor is low, reconfirming earlier studies that physical capital and investment are the most important contributor to growth. In the industrial classification, human capital is the most important contributor (1.86), followed by labor (0.82). One clear implication could be that output in China had already reached a high level, and further increase in output required industrial restructuring, as labor would be constrained in the coming years and the need to promote human capital in the labor force is more eminent. The results in Table 9 are then used to calculate the average growth rates of TFP based on Table 10 , the TFP growth rates on all enterprises, large enterprises and SMEs are calibrated based on regional and industrial classification for the entire sample period and the two sub-periods. The empirical results for the all enterprises at the national and regional levels are similar to the selected model results shown in Table 7 , suggesting that the use of the proxy data are acceptable. Among the regions, the western provinces showed the highest TFP growth rates (2.08), while eastern provinces scored the lowest (0.64), suggesting that the western provinces are catching up due probably to favorable government's "go west" policy. However, the performance of TFP growth rates between large enterprises and SMEs differed a lot, with TFP growth rates exceeding 5 percent for the large enterprises while SMEs in all regions experienced a negative TFP growth rate. But, the situation in 2008 hurt the large enterprises more as they experienced a negative growth in TFP, especially in the eastern region.
On the contrary, the large enterprises recovered much quicker than SMEs in the period 2009-2011 as the TFP growth rates of the two groups of industrial enterprises showed opposing trends, with large enterprises having large TFP growth rates while all SMEs showed negative TFP growth rates. One possible explanation would be the subsidy given to large enterprises through bank loans and stock market manipulation, while the SMEs are being left to their own. enterprises. However, though the empirical study relies on a simple but useful methodology, there can be various improvements to the findings in this paper in terms of sample period and data adequacy and accuracy. Nonetheless, the economic coverage this paper provides can have further implications on the business development and government policy in China. For example, lending policy to enterprises across provinces and the re-distributing of resources to different industries would lead to new area of industrial and business development in China.
